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PROCEDE ET INSTALLATION DE FORAGE ET DE CHE MIS ACE D»UN 
PUTTS, NOTAMMENT DUN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DB TRONCONS TUBULAIRES ABOUT ES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

notanunenl un puits de forage p&rulicr, au moyca d'ua ensemble de txoncons tubulaircs 

- ou pntfonnes - siinilaires. ironalement soupks. antes I tee repltees loagitudinatonept 
sur dles-memes pour tot introduites dans le puits, puis a toe devices rucfialemem torn 

5 reflet d'unc presston interne pour prendre une forme cyHndrique, et enfia k tot 
rigufifiees jnsini par polymerisation de lew paroi, I'enoombrcmcnt transversal d'une 
prttenne reptile tent de dimension maximal* sensiblement iafeneure I son dtametrc 
intone a I'tut depiie\ et ksdiks preTormes possAlant one portion d'extrtfmitf dont le 
diamtae - aprts depliement - est legeremeat superieur a eclui de la preTorme, ce qui 

10 pennet leur Joncdon boot-a-bout par embottemcnu avec recouvrement de ladite portion 
dVxttemitf. 

Atnsi. en recourant a ce type de preTorme. qui est connue en soi 

- notamment par le document WOA-94/21887 - it eat possible d'obtenir un c h e mis a ge 
d'ua diametre constant sur tout* la longueur du puts. 

15 Acet egard» U convtent de nppeler qu'avec des cfaemisages (ou tubnges) 

timdiUooneU eonstitues par des tubes en atier. on est oblige* d'utiliser des troncona 
tubulaiits tdescopioues,^ 

des proUemcsd'installaoon etd'eapldtatioo ulteneure du puits. 

L'objectif de Pinvention est de proposer un proceVfe de forage et de 
20 chemisage du puits, i I'aide de preTonncs du type mentioni* ci-dessus, qui puisse toe 
mi* en oeuvre de maniere simple et rapide, t laible coflt 

Poor ceU, et conf ocm£ ment a I 'invention, on commence par mcfxre en 
ptounptanierticncoi^ 
troncon 6taut townee vers In bus. 
25 U proo6d6 sdon 1 'invention compiend ies topes sui vantes : 

a) on rait passer axialcmcnt, de haut en bas, a travels ledit troocon, un 
ouol de forage, et oc fore au^dessous et dans ie pfokmgemeot de ce troncon un troude 
fonneetde prof ond^ur adoptees pour racevoir le troncon suivant ; 

b) on retire routfl de forage ; 

30 c) on innoduit une preTorme, a V6m replil. a I'inteneur du puits en b 

faisant traverser le troncon dejaen place, et on la posttionne convenablement k 1 'intfrieur 
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du trou, a portion d'eatremitd haute vcnanl sc placer * I'inteneur dc U portion dcx- 
u^gelaigicdutroncon; 

d) on introduit un cimenl fluidc au food du trou, autour de la portion 
d'extx€rait£ basse deU preTorme; 
5 e) on introduit un fluidc sous prcssion. de dcnsiuS supencuie a la densitd 

du dment, a I' intericnr de la preTorme afln de U deplier radialement, progressvemeotde 
bas en haul, en refoulant le dment, egalement de bas en haul, autour de la preTormc, 
controUparoidutrou; 

0 tout en matotenant la preTorme sous pressioo interne, on en cfaaufle la 

10 paroi pour la pdynienacr ; 

g) Ke dment ayant pris, et la preTorme ayant duict poor constinier un 
troncon tubuiai re ri gide de cfaemisage, on retire axialement lea outillages ayant aervi au 
gonflage et a la polymerisation de la preTorme. aina qu'i la mstribution du dmenl ; 

n) on rettere Population pour lea troncoos suivanta, juaqu'a obtenir la 
15 longueur dc puits chemise* souhaitee. 

Lorsque, comme cela sera explique' plus loin, la preTorme preeentc dea 
reserves dc reaine aptcs a migrer vers Pexteneur pour former dea venous aanuiaires 
d'ftanchei(e\ lc podtionxsanent de ces venous est realise* au dflwt de Pdtape f d-dcatua. 

De maniere pamculiercment avantageuse, on utiliie un outil de forage da 

20 genre trepan, apie a occupy 

premier etat d'encombremcnt minimal, lui pennettant de pasaar a I *i nterieur du troncon 
deja en place, un second flat, d>ncombremen^ 

principal© du trou et un troisieme cat, d'encombrcmeni maximal, pour le forage de la 
partie du trou destinee a reccvoir U portion dargie de la preTorme. 
25 un ,»ode deitaln^ 

a la polymerisation de la preTorme, ainst qu'a la distribution du dment, comptendunc fee 
a double valve placee en partie basse de la preTorme, et ante a distribuer selectivcmcnt un 

flmctedegonlUu^arin^ 

^installation de forage et de chemiaage, qui fait egalement partie de la 
30 presentemvention, servant ^ 

qu'elle comptend, en tetede puts : 

- une bobine de stockage et de reception, a 1'cttt enroule, de ladite 

preTorme \ 

- tine Ute surpiombant rentiee du puits, apte a pcrmettre le guioagc et 
35 r introduction, dans le puits, deU preTorme et des afferent! outillages servant au forage 

du ptrits ainsiqu'au gonflage et a U polymerisation de la preforme ; 
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- des bobiae* de stocfcage a I 'eat enrotitt de lubes mctalUques elastique- 
rocat dtformaUcs specs k fairedesceadre et remonter lesdits ouoTlagesdans Ic puits, Pun 
de ass tubes coatenant tin dbte servant a Pali mentation de U pceTorme en courant 
etocvique; 

5 - un geoerateur de counmt ekctrique, 

D'autres caiacieristiquea et avantages de {'invention apparaltront de la 
description et des dessin* annexes qui en reprfaentent, a simple tine d'exanptes non 
limitarifs un mode de mise en oeuvre prcVere*, ainsi que rinstalh no n coaespondante. 

Surcesdessitts: 

10 - lea figures 1 a 4 soot des vues schematiques. en coupe axiale, montrant 

let diffeentes Stapes de rooeratioa de forage de la partoedeprits qui doit recevoir la 
preTonne • -. 

- la figure 5 est une vue sditmalique d'une preTonne et de routfllage dont 
elle est solidaire, avanl mise en place, dans le puits ; 

!5 . les figures 6 et 7 scut des vues parti eUes de rcxtremite' basse de la 

preTonne, destinies & illustrer le prinripe de la double valve dont est pourvue U tele 
d'outUlage; 

. les figures 8 a 15 iUustrtnt let oWercnies^apesdemiseeapUoedW 
preTonne an bout d'un tioocpn dejaeo place; 
20 - la figure 16 reprcsente scheaatiquement, en coupe axiaie. on puits 

chemist par trois trorjeons coaxiaux iJbouies ; 

* la figure 17 est une vue schematique montrant les different* matenels 
consfttubfsde l^imaUalion, situesen surface (ttede puits) ; 

- les figures 18 a 30 - acchclle plus petile - illustrent le fooctic«rieinent de 
25 rinstaiUnonaucoundesdiffem 

La figure 1 lepresente l*extremitt basse d'un puits vertical en cours dc 
focageet de chemisage.Cc puits, incomptetement font, comporte un chemisage deja en 
pl ace sous forme d *un tube cyti ndrique rigkJe 2 presentant une portion d'extremite* basse 
20eTargie. 

30 UOiametreDdecetlc panic 20 est Ugere^ 

d de la partie principale 2. si bien qu'U est possible d'erabotter les uns dans les autres des 
trcococs 2, avec recou vremcot des parties d'extrcmite* 20. 

Le troocon de chonismgc 2 est KdU dani 1c puitt per un cimcrU penphexi- 

quc200. 

35 Now alloos maintcnant decrire de quelle rnaniere vattrc mis en place, a 

I'aide du prooMe* de ricveotioo, le u*oncpn suivant, destine* a etre aboute* au troocoo 2. 
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Pour cda. commc iltustrf aux figures 1 i 4, oo commence par forer un 
trou destine 4 rccevoir ce trcncort. 

A cet effet oo utilise un ouul de forage 1. du genre trepan, qui a la 
particularity de pouvoir Stre re*tracU oo dilate' radialcment, dans trots Itats d'encom- 

5 becment deferents. 

Dans un premier tot. illustrt a la figure 1, Poutil est rftracai au maximum 
de idle maniere que s> plus grande dimension transvemle autorise son fibre passage a 
I 'InteYieur du troncco Z axUlement 4 travcrs cdui-cL 
Dans c*t4at son ciwocic^ 
10 De maniere coonue, rouul de forage 1 est fixe* I rextremiu* d'une age 

mbatsire 10, qui parte le lnoteurd'entnlnciistm^ de routil en rotation, et 

les organes assurant son de^oumem<»tt contract 

Comme on le vena plus loin, la tige lOcst rnontec arextrenut^d'ua tube 
nrftallique apie 4 toe enrouie* sur un tambour recepteur dispose en surface, en tele de 
15 puits. 

Dans un second «al de denotement radial, Ulustn* 4 la figure 2, U parte 
conpante 12 de routil poesede un diametre de travail aensibtement egal a D. 

L'outil ayant 6ti dcacrodu axialement dans le puits, 4 ttavers le mbage2 
dej4 en place, oo provoque ce deplriement radial au diametre D lorsqu tl est arrive* k 
20 1 * intetieur de la portion el*cgie 20. On actioone alors Toutil en rotation, toutenrjoursui- 
vant»descenieajminemusnrf|»Une<^ 1. 

On realise ainsi le forage d'un trou cytindrique au diametre D, coaxial au 
trcs^2,dansUprotoeujemento^ 

La prof oodeur de forage correspond 4 la longueur du troncpn que I 'on 
25 souhaiternettre en place, 

L'outil I possede des organes de coupe additioonels 11 qui peuvent etre 
deploy* radialement 4 un diametre superieur 4 D, afin de pouvoir recevoir la portion 
tfUrgie du troncon a roettre en place 

Commc iilustrf 4 la figure 3, par rernontee de l'outil sdoo P a , on realise 
30 ainsi qnelargissementdu trou 3 surunecertaine hauteur. 

AUfigure4c*adesigne"parUie?ereo« pcincipale 
du trou 3. par la reference 31 la paiwdesa portion elar^ 
basse du trou, dont le diametre D est le meme que cd ui de la partie 30. 
U ix^caixie 4 representee sc^ 
35 genend que cdle decrite en derail dans le WO-A-94/21887 dej4 cim. 
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Nearimoira, die est ddpoun-uc dans a partkbaswd'unoiganeobairaiieur 
goufiable, du fait qu'on aafTaire a un trou borgne ; dc plus, U preTorme 4 possMe une 
portion d Vsrtremite* basse 40 dc section €Urgic 

La preTorme 4 est rupportee par une tige tubulaire 5 en arier . etuoulable 
5 sitr uc tambour dc itockage lime" en surface, et qui pennct dc la fake descend/* a 
rinterieur du puits, a de tui fourair les fluides de amentanon et de goo/lage, ainsi que 
reaergie € lectrique poor la polymeYisaxioo dc la preTorme, par I'intermcVfiaire d'un 
dispel* i*cc^ 
UprcTonncetseraccofdaiUeflpart^ 
10 Ce type de tige d'acier enroelable est awrammeai designee dans le nvftier 

par k tenae anglais XOLEDTUBIWr - en abteVCT.--. 

Commc ecu est decrit dans le WO-A-94/21887 deja cite, la preTorme est 
oboiree a sea extxemites haute ct basse, dc manitre e^aocbe, par des maachoos arracha- 
bies et/ou deooupablea es fin d'optetioa. 
15 La t*te dtatnbutrice 51 possftde une double valve 52. 53. actionnable 

select i vement (depms la surface). 

Comme illustre* aux figures 6 et 7, la valve 52 pennct de distiibuer un 
fhiidedegoxrflaririntenew 
dism^ucrundmcntniikka 
20 Comme iflustrf I la figure 8. In preTorme 4- quite trouve initialemeni a 

V6w radialemeat repUe* - est desceadue dans le trou 3 axialetnent, da haut vers le baa, a 
travers le troncoo dc chemLsage 2 deja ea place. 

Bien cntendu, pour que ceci soil possible, U eat nfossafo que rencom- 
bieaMsU transveisal de Iapitfo^ 
25 defaic^quicontspoiidi 

Loflsque la preTorme est rcptiee sur eOe-mtae, elle pr&e^ 
"IT ou en forme d'escargot - comae iUustre par exemple sua figures 6A et 63. 
respecn venienl du document WOA-94/25655 ; lorsqu'dle est depUee die presente une 
secotadraihrire. 
30 UpreTc«rae4estpoemcci^ 

d'extfteiul plus large 40 se trouve en regard de relarspsacmeatde puito31 ; la longueur 
du trou 3 est determine pour que, dans cette position, la portion supeneure de la 
preTc^ine se trouve en rega^ 

On precede alors a rejection d'u^ 
35 preTorme, via la valve S3 (Heches J. figure 9). 

Le dment est choisi pour avoir une densite voisine - voire legerement 
supeneure • de cdle de la boue UqWde7setnxivantdajuie puits. 
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L'arrivcc de cimeitt a la base de to preTorme chasse done cdtc bouc vco le 

Comme illustre" a la figure 10. on procede ensirite au gonftoge de la 
preTorme. en injectant tin fluide tout pression a l'inteneur de cclle-ci. via to valve 52 
5 (ntdxsl). 

n s'agit toil d'ua liqukk introduit de TexteVieur (depths to tfce de puits) 
par le conduit 5 daas to preTorme, soit d'un LqukJc (eau. booc ou pcTrole) present dans le 
puits et poenpd dans la preTorme. 

Le liquide de gonflage est avsncageusemcnt choia pour avoir unc densite* 
10 legerenxsasuperieureacd^ 

gonflage va se faire progressivement du bas vers le haut, comme symbolise* par les 
flecbes Gala figure la 

A deTaut. la progression du gonfiage du bas vers le haul petit toe controJee 
en prevoyanr, le long de to preTonne, une serie de bagucs de contention frangible*, dont 
15 ie seuil de rupture est adapce a oe sens de progression. 

Le cimem est par consequent refoule clement de bas en haul conire la 
paroi du puits, comme symbolise par la Heche H, tandis que la bouc 7 se trouve chasse* 
vers le haul 

De pre? erence 1c volume de cimeot periphenque n'est pas suffisant pour 
20 aneindre to rsrtie haute fe^ liaison saraciment dans 

U»**c*joncooneotreta 

11). 

I> prtf eience. to pitYorme 4 pos^ 
chaud. prise en sandwich entre une peau inteneure et une peau exterieure elastiques, et 
25 munie, cold intertcur, d'une reserve contenant de to reanc aple a migrer vera l*exterteur 
pour former des bourrelets annulaires favorisant I'ancrage et rflaricbeltd dunrbagecootre 
to paroi dupuita 

Unc preTorme de cc genre est decrite dans lademande de brevet francais 
04 08691 depoacc le 7 juillci 1994 par to demanderesse, et dans son extension interna- 
30 UonaJefXn , /re95«0902. 

Ces venous annulaires, repertis tout le long de to preTonne soot reTerences 
9 ; de preTerence 11 eat prtvu une density plus grande de venous (e'est-a-dire un 
eontemem plus fatbte eim^ 

znaniere a assurer une bonne ttancheitd dans to liaison bout- a- bout des differents 
35 troncons. 

Le duuuTageet la polymerisation de la preTorme soot realises une fois le 
gon/Uge termini, U pression de gonftoge *Uni maintenue a I'lntirieurde la preTorme. 
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A titre indnlir,U pression interne est del'oidredelSbars. 

Le chauflage de la prtfonnc petit ee fair* sat en introduisani ua fluide 
cfaaud & I *mt£rieur de U preTorme, sat par reaction chimique cxcXhcrmique, toil encore • 
de pn£fe*rence - par diet Joule, aa rooyen de instances elcctriques (fill chaufTants) 
5 dispel dattUrjartrfdeUpreTom^ 

electrique depms la ite de pttils. via la tige - ^Oxlcd Tubing" -5 

A titre todicauf, la temperature odcessaire a la polymerisation est de rordre 
de 110a !4CTQetUdureedecettce^estder^^ 

Lortque la polymerisation 6c* venous 9 et de la paroi de prffonne est 
10 tennioee, et que le cimeot 6 afmit sa priae (figure i». °n retire 1'oaillage 500. 50, 51 
(fled* K. figure 13). 

On mstalle alora unoudl de coupe (501) a Pcxtrexnite* du tube 5, et on 
decoupe le maochon d'etoocfaelte' de rextretnitf haute de la prtforroe (jxrfymerisee) 4* 
(figure 14). qu'on arrache ensuite. On opere de la ratae maaiere pour le maochon 
15 iofeneur. 

On obdent alora uotoncondecbern^ 
mem le cubage precedent 2 (voir figure 15). 

L'operauon qui vient d'etre decrite est Wen sOr rfaeree, tronoon apres 
troocoo, afin d'obwrir la proToodeur de puits chemise* sonhaitee. 
20 Dans un mode de realisation passible de U preTorme, cellc-ci a uoe tme 

composee a 30% de reue epoxy et a 70% de fibres de verm, cette tme ayant use 
cpeiaseur de Tosdre de 14mm ; tea peaux interieore et exterieure, es caoutchouc 
synthftique, ont rcspecti vement tme c>usseurde2mmetde6^nmenviion. 

A titre indtcatif . la portion prindpale de la preTorme 4 possede* i TAat 
25 depbe\ un diametre interieur de I , ordre de 1 40mm el un diametre exterieur de 1'ordre de 
184mm. Oralis que la portion flargie 40 possede on diametre interieur de Pordre de 
188mm et un di metre exterieur de Tofdir de 236mm. 

La portions 30-32 et 3 1 du puits oot dea diametre* moyens de 1'ordre de 

197mm et de 244,5mm, respeenvernent 
30 LalcaigiradeaAfrereritstronc^ 

simple titre indicate la longueur d*une preTorroe pent toe de 1'ordre de 500m. 

La figure 16 lepreseute un puits P chemist par un ensemble de trois 
troncons 2A, 2B et 2C aboutfs et cimentes. 

U figure 17 represent schemaiiquemeot une installation de u*e de puiu 
35 qui pennct de rocttrc ca ocuvre k proceVi* sek» 1' invention. 

Sur cetie figure, la tele dc puits. rtferencee 55. est equipec d'uoe ftructure 
roetallique (chassis) 100 entourant la tele de puits. 
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Cettc structure 100 pone un injecteur 101 pourvu d'un sabot d'appui 102, 
etiervarita*ipr»rteretap«^ kwqu'ils $ont desccodus dans 

le puis ou retiris de cetui-ci ; die se trouve a I'aplorrmderott^dupuits. 

On a designc' par la reference 54 un tambour de stodcage sur kqud est 
5 enroulcc U prcTonnc ;dkeslsupportee par un wagounet 

U reference 540 designe un tabot de topportetde guidagedelapftfonne 

a I* entree dnpuits. 

Lc«itTerwa56et57deii«ncm 
et stock* reapectivement Us tubes "CT" (Coiled Tubing) 560 etS 
10 Le tube 560 tert a supporter et a depiacer routil de forage ; le tube 5 

(comrne deja <fit) sert a supporter la preTonne, a anicncr lea flutdca de gonflage et de 
dnjeritatk»aUpref^ 

polymerisation)- 

Ldectri ak» eat foumie par un geuersteur electrique SS. 
15 La reTerenceS&cMsigDe unecabine de cootrole de reparation. 

De manfev clasoque, I 'entree du putts a forer est ini tiaJement game d'un 

cuvdage 550. 

Le trepan 1 est adapt* a rexrrtmite* du tube 560. icquel est deroule du 

uunbourreeeptOT56 f nip^ 101 

20 (voir figure 18). 

On precede akx* au forage du trou. dc rormc e^gec 3, destine* a reocvoir 

le premier troncon (ngure 19). 

Aprts mise en place de U prfforme, riraentmtion ct mise au rood, et enfin 
pn> ymAi«rioo in situ de celk-ci. via nn oonducteur electrique 580 relic' au geodrateur 58. 
25 c* retire lecoraiuhcttit^^ 

54 (vide) sur laqueUe etait imualement slockcc la preTonne (figure 20). 

UpreTcrmeie trouve abou^ 

On deTail enauile les connexions bydraulique et electrique avec la 
prtforme, on installe et on scdle de maniere Aanche aurour de la tete du puts un 
30 mppaietUage de security ad-hoc A, ceci par une technique convenriorinciJe (figure 21). 

A 1'aide de Poutil de coupe 501, porta par le tube 5. oa decoupe les 
pancfaons d'etocherte' hsut et has (figure 22). 

L'ltape ruivaate eonsiste a forer la section suivante. pour obteoir un trou 
aage 3 pcoiongeant lc troncon 2 (figure 23). 
35 Ensuite, ao calibre les diametrc* el on venTie ralignement du troncon 2 et 

du trou 3. i I 'aide d'un instrument approprie' 1000 (figure 24). 

Oa met en place une nouvdle preTorme (figure 25). 
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On U fait desoendit dans le puts, ct oo la posttioone con vcnaUcmoit dans 
le trou 3. On la conaocxe au tube 5, el an procedc *u goofUge, a U a mentation, el a la 
polymenaaticm (figure 26). 

On retire le conduit centra] 50, qu'on remonte et qu'on cnroulc sur le 
tambour rcccpteor M(fi*vrea27et28). 

On iuapeairoutilde coupe 501 auiube5,et<» lede*oe^ 
let mancnons d'extrfmit* (figure 29). 

On obrient airai drux troncccs rigides aboutf* 2A. 2B (figure 30). 
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REVEND1CATIONS 



1. Proofd* pour forer et ctaniscr un puics, notammeni un puits de forage 
pe"troiicr r au moyen d*ua coscmbte dc troncon* tubulaires - ou preTormcj - rimiUira, 
trtitialement souples, antes a toe repiiees longitudiiukrocnt sur elk^mfemes pour toe 
introduiies dans le puils, puis a etre deplieea radialrraenl sous TcfTct d'une press ton 

5 interne pour prendre uaefonnecyiijxtrique,* 

sation de leur parol, rencombrement transversal d une preTormc repUae <tant de 
dimension nuudmale teosibtemcnt inf erieure a son <fiametre interne a l"etat deplil, et 
lesdites preTonnea (4) poesttaot one portion d'extrcmitf (40) dont lc diametre - apres 
deptiement - est Wgeraneni supeneur a cdui du rerte de la preT orme, ce qui permet leur 

10 joncuoo bout-i-bout par enibottccnent avec recouvrement da tadite portion d'exfreinttt 
(40), caracteristf par le fait que, un premier mncoa (2) ayam ^ mis en place du eM de 
I entree du puits, sa portion d'extremite* flargie (40) townee vers le baa, 

a) on fait passer axialememt, de haul en bus a travers ledii troncon (2). tin 
ouul de forage <l),ctoo fore au-dessous et dans le prolongement de ce troncon (2) un 

15 trou (3) de forme et de profondeur adapters pour recevoir le troncon suivant ; 

b) on retire Poutil de focage (1) ; 

c) on introduit une preTorme (4). a Peat replie, arinteneur du putts cn U 
faisant traverser le troncon (2) deja en place, et on la positionne cooveoablement a 
rinterieur du trou (3), sa portion d'extrcmit* haute venant se placer a rtaterieur de la 

20 portion d'extremitf flargie (40) du traocoo (2) ; 

d) on introduit un ciment flmde (6) au fond du trou (3), autour de la 
portion d>xtremite* basse de La preTorme ; 

e) on introduit un fluide sous pression (8), de density superieure a la 
densile* du ciment (6), a rinterieur de la preTorme (4) aftn de la deplier radialement, 

25 progrcaavcmoitaebaicflhaut, en ref «aam le oment, ^galeroem de baa en haut, autoor 
de la prtTorroc, coDtre U paroi du trou (3) ; 

Oioutenmainteoant la preTorme sous pitaion interne, on en chaulTe la 
paroi pour la polymeria! ; 

g) le ciment ayant oris, et la preTorme ayant durci pour cocutituer un 
30 troocon tubulaire rigfda de chemisage (4*), on retire axialement lea outiltages ayant servi 

augonfuu^etiU polymerisation 

h) on reitere ropers ti on pour lea troncons iirivants, jusqu'a obtenir la 
longueur de putts chemise* souhaitee. 

l.Proce^adon revendication 1. caracterisc* par le fait qu'on utilise un 
35 outilde forage (l)dugetireu^pan. 
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radiale, a avoir un premier tot d'eocombrcment minimal, !ui permettant de passer a 
1'inteneur du troocoa (2) dcja cn place, un second &at, d'eocombrcment intennddiaire, 
pour le forage de la partie princtpale (30) du trou (3) et un trotsieme 6ou, d'encombcement 
maximal, pour le forage dc la partie (3 1) du trou (3) destine* a recevoir U portion elargie 

5 deUprtforme(4). 

3 . Proctde* eelon la revcndkadoo 1 ou 2, caracterise* par le fait que kdit 
ou tillage oomprend use tetc (51) i double valve (52. 33) placet eo partie base de la 
preTotme (4).et apie* (fijtnbuersaecuvement ua flusde de gonfUge (8) arintencurde la 
preTorme (4) et un eimem fluide (7) a rexteneur de cefle-o. 

10 4 , Installation de forafe et de chemisage. destineeaU ntlseencenvrcdu 

peoeddc* sekc Tune dca revendicationi 1 a 3, caractexisee par le fait qu'elle coenprend, en 
t&edu puits: 

- uoe bobine (54) de stockage et de reception, a 1'dtat eiuoule\ de ladite 

prfforrae(4) ; 

15 - unetfcte (101) surptornbaat Pcntree (55) du puits, ap<e a pennettre le 

guidage et rintroducdon dans le puits de la prtTorme (4) et des different* ou tillage* 
aervmnt an forage da puits ainst qu'au gonflage el a la pdymerisatioadekpreYonne; 

- des bobines (56, 57) de stockage a I *<tal enroutt de tubes mftalliques 
flasrjquerocnt deTormabka (560, 5) aptes a f aire descendre et remonter lesditt ontillages 

20 dans le puits. Tun (5) de cea tubes coo tenant ua ctbie servant a raliroentatioo de la 
pveTonne en oomant electrique ; 

- un gencrateur de courant electrique (59). 
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FIG. 16 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU, 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 



[vertical text in left margin:] FR 2 741 907 - Al 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 

three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F! in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 3 1 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/2 1 887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 51. 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
1 5 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heaiting elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4 5 (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 1 00 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the CT. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 { Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 
sleeves (figure 29). 

10 Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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